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Aim of the study: The CD30L iigand is 
a membrane-associated glycoprotein 
expressed by activated CD4+Th cells, 
macrophages, dendritic cells, and B lym- 
phocytes. It binds to the CD30 receptor 
carried on activated and helper Th cells, 
inducing the immune response and apop- 
tosis. The aim of this retrospective study 
was to determine the level of sCD30L in 
the serum of patients at diagnosis of ovar- 
ian cancer and at relapse and to assess 
the potential association of this Iigand 
with selected clinico-pathologic factors. 
Material and methods: We studied 69 pa- 
tients with ovarian cancer allocated to 
two groups: A - ovarian cancer at diag- 
nosis, B - relapse of ovarian cancer and 
active growth of the tumor. 
Results: We found high levels of sCD30L 
in ovarian cancer patients. Levels at 
relapse (21.48 ng/ml) were significantly 
higher than at diagnosis (11.81 ng/ml). 
Poor response to first-line chemothera- 
py was accompanied by higher levels of 
sCD30L and by several other findings: 
resistance to platinum analogs was 
common, neoadjuvant chemotherapy 
was needed, relapse and death during 
two-year follow-up were frequent. 
Conclusions: Our present study might ini- 
tially suggest that elevated concentra- 
tion of sCD30L can be an important find- 
ing prognosticating a poor prognosis 
and is associated with platinum resistant 
and refractory cases of ovarian cancer. 
However, studies are needed on larger 
groups of patients. 

Key words: ovarian cancer, apoptosis, 
CD30L, prognostic factor. 
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Introduction 

Ovarian cancer is associated with the worst prognosis among female malig- 
nancies. Long-term outcomes of therapy are discouraging: ovarian cancer is often 
diagnosed at an advanced clinical stage and, moreover, the percentage of relapse 
after first-line chemotherapy is relatively high. The response to treatment in ovar- 
ian cancer and other malignant tumors depends to some extent on the inter- 
play between factors engaged in apoptosis [1]. Under physiological conditions, 
apoptosis contributes to homeostasis by eliminating aging and neoplastic cells 
as a counterbalance to cell proliferation [1]. Inhibitors and stimulators of apop- 
tosis were found to be dysfunctional in neoplastic cells [2], resulting in impair- 
ment of apoptosis, progression of the tumor, and resistance to therapy [2]. 

The search continues for novel markers of apoptosis which could help us 
understand the complex processes in carcinogenesis and develop maximal- 
ly effective and perhaps more individualized therapies [3]. The CD30 Iigand 
(CD30L) is a member of the tumor necrosis factor (TNF) superfamily. This type 
II membrane-associated glycoprotein with a molecular weight of 40 kDa binds 
to CD30 as a homotrimer, effectively eliciting cell death. CD30 was first described 
as a marker of Reed-Sternberg cells in Hodgkin's lymphoma, which are notable 
for its high expression. CD30, like other members of the TNF superfamily, par- 
ticipates in cell proliferation, differentiation, and death. CD30L is membrane- 
bound but is also present in soluble form in serum (sCD30L) [4]. It has been 
suggested that interactions of CD30 with its Iigand CD30L necessary for nor- 
mal apoptosis are inhibited in ovarian cancer cells because of shedding of CD30L 
from the cell surface [5]. 

There are few reports on the patterns of sCD30L in epithelial tumors and 
a single report on sCD30L in ovarian cancer [3-5]. We therefore decided to con- 
duct a preliminary test study of sCD30L serum levels in ovarian cancer patients 
with regard to some clinico-pathologic factors. 



Material and methods 

Due to the analytical method used by us, which requires batch testing, we 
performed a retrospective study using sera collected from patients treated 
at our Department of Gynecologic Surgery and Oncology. We retrieved the whole 
medical history, results of histopathology, and CT scans from the database 
and qualified patients and their sera for the present study. All patients were 
regularly seen atthe Clinic of Gynecologic Oncology, and had complete med- 
ical records (Table 1). 

The patients were allocated to two groups: A- with newly diagnosed ovar- 
ian cancer prior to therapy (surgery, chemotherapy); B - with relapse or resid- 
ual disease after surgery and chemotherapy. Blood (10 ml) was collected one 
day prior to surgery, neoadjuvant chemotherapy or before second line 
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chemotherapy in patients with relapse as part of the routine 
procedure. Serum was obtained by centrifugation and was 
immediately stored. 

Concentrations of sCD30L in groups A and B were compared. 
We studied correlations in group A of pre-operative levels of 
sCD30L with some clinico-pathologic factors such as FIGO stage, 
grade, sensitivity to platinum analogs, disease-free survival 
(DFS), and two-year survival. Disease-free survival represented 
the time between the end of first-line chemotherapy and 
relapse. The National Cancer Institute of the US allows the fol- 
lowing parameters, among others, to assess the impact of var- 
ious factors and drugs on the cancer course: DFS, PFS (pro- 
gression-free survival), TTP (time to progression), OS (overall 
survival). Disease-free survival is sometimes replaced by DFI 
(disease-free interval) by researchers of the ESGO group. Addi- 
tionally, we looked for a relationship between starting level of 
sCD30L and administration of neoadjuvant chemotherapy in 
patients in whom it was not possible to perform optimal or 
suboptimal cytoreduction. 

Sensitivity to platinum was noted when DFS was at least 
6 months from the end of first-line chemotherapy. Patients 
whose DFS was shorter than six months were termed resis- 
tant, whereas patients who did not respond to therapy were 
termed refractory. 

Response to treatment was evaluated based on RECIST 
criteria. After the last course of chemotherapy, each patient 
had a CT scan performed and CA 125. Recurrence was diag- 
nosed if there was a measurable change in the CT or an un- 
measurable change with a corresponding increase in CA 125. 
In doubtful single cases PET-CT was performed additionally. 

A specific and sensitive enzyme-linked immunoassay from 
Bender MedSystems (Vienna, Austria) was used for the quan- 
titation of sCD30L in serum. The limit of detection of 
human sCD30L defined as the concentration resulting in an 
absorbance significantly higher than that of the dilution medi- 
um was determined to be 0.5 ng/ml. As suggested in the 
product insert, there was no upper normal limit because 
sCD30L is not detectable in healthy blood donors. 

Statistical analysis was done using STATISTICA 9.1 PL soft- 
ware. Means were compared with the non-parametric 
Mann-Whitney U test and the Kruskal-Wallis test. Qualita- 
tive variables were not analyzed because sCD30L is not pre- 
sent in healthy human sera and normal limits have not been 
defined. The level of significance was taken as p < 0.05. 

Results 

Group A consisted of 50 patients with mean age of 55.6 
years (32-79), 20 of whom were premenopausal (mean age 



Table 1. Characteristics of patients (group A) 

Parameter n = 50 (total) 

Mean age = 55.6 yrs 
[32-79] 

premenopausal Mean age 42.2 years [32-50] 20 

postmenopausal Mean age 64.43 years [50-79] 30 

FIGO I 10 

FIGO II 7 

FIGO III 33 

FIGO IV 1 

Grade 1 7 

Grade 2 17 

Grade 3 26 

serous 37 

mucinous 4 

endometrioid 2 

clear cell 5 

undifferentiated 2 



42.2 years; 32-50) and 30 postmenopausal (mean age 64.43 
years; 50-79). Patients with relapse of ovarian cancer were 
allocated to group B. Relapse was ascertained with diagnostic 
imaging or histopathology. The mean age in this group was 
56 years (43-75). Higher levels of sCD30L were found in 
patients with relapse of ovarian cancer (mean 21.48 ng/ml) 
than in patients at diagnosis of the tumor (mean 11.81 ng/ml, 
p < 0.05). When serous tumors were compared, differences 
between means were evident but not statistically significant 
(group A: 12.93 ng/ml, group B: 35.24 ng/ml; Table 2). Mean 
concentrations of sCD30l_ were higher in serous (12.42 ng/ml) 
and clear cell tumors (12.02 ng/ml) than in mucinous 
tumors (6.74 ng/ml). We also found higher concentrations 
of sCD30L in patients with advanced stage and poorly dif- 
ferentiated ovarian cancer. We attribute the lack of statis- 
tical significance for these differences to the small size of our 
groups. The mean sCD30L level in patients of group A at FIGO 
clinical stage III was 11.09 ng/ml, in contrast to 7.54 ng/ml 
for FIGO I (Table 3). As regards differentiation, we found 
a mean of 12.4 ng/ml for grade 3, 13.07 ng/ml for grade 2, 
and 7.55 ng/ml for grade 1 (Table 4). 

Patients with newly diagnosed ovarian cancer (group A) 
were further analyzed with respect to some clinico-pathologic 



Table 2. Comparison of sCD30L concentrations in group A and B 



SCD30L [ng/ml] 


Group A 


Group B 


P 


Group A 


Group B 


P 




n = 50 


n = 19 




n = 37 


n = 6 








whole group 






serous type only 




mean 


11.81 


21.48 


< 0.05 


12.93 


35.24 


0.362 


(range) 


(4.62-82.07) 


(5.63-155.87) 




(4.72-82.07) 


(5.63-155.87) 




median 


8.12 


9.66 




8.82 


11.86 




(95% CI) 


(8.28-15.36) 


(5.04-37.91) 




(8.25-17.61) 


(26.99-97.46) 
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Table 3. Comparison of sCD30L concentrations in group A depending on clinical stage (FIGO) 



Group A 




riuu ii 


P 


riuu I 


c\r,r\ in 
riuu in 


P 


E\r,r\ ii 
riuu ii 


c\r,n mi 
riuu in 


P 


sCD30L[ng/ml] 




















whole group 


n = 10 


n = 6 


0.328 


n = 10 


n = 33 


0.2272 


ri — 6 


(1 = 33 


0.9070 


mean 


7.54 


11.52 




7.54 


11.09 




11.52 


11.09 




(range) 


(4.62-11.43) 


(6.53-33.22) 




(4.62-11.43) 


(4.78-37.7) 




(6.53-33.22) 


(4.78-37.7) 




median 


7.49 


7.03 




7.49 


8.25 




7.03 


8.25 




(95% CI) 


(5.65-9.44) 


(2.49-20.56) 




(5.65-9.44) 


(8.18-13.99) 




(2.49-20.56) I 


(8.18-13.99) 




sCD30L[ng/ml] 




CD 
















serous type only 


n = 7 


N 
'l/l 
Q. 




(1 = 7 


(1 = 26 p 


= 0.2709 


N 
Cl 


(1 = 26 




mean 


7.66 


=3 
O 




7.66 


12.18 




=5 
O 


12.18 




(range) 


(4.72-11.42) 


oh 
75 




(4.72-11.42) 


(4.78-37.7) 




cxo 
"ro 


(4.78-37.7) 




median 


8.26 


E 

on 




8.26 


8.93 




E 

in 


8.93 




(95% CI) 


(5.13-10.18) 




(5.13-10.18) 


(8.57-15.78) 




i 


;8.57-15.78) 




Table 4. Comparison of sCD30L concentrations 


in group A depending 


on tumor grade 










Group A 


Grade 1 


Grade 2 


P 


Grade 1 


uraae 5 


P 


uraae z 


uraae 5 


P 


sCD30L[ng/ml] 




















whole group 


n = 7 


n = n 


0.5048 


(1 = 7 


n = 26 


0.2175 


a = 17 


(1 = 26 


0.4266 


mean 


7.55 


13.07 




7.55 


12.4 




13.07 


12.4 




(range) 


(4.72-11.43) 


(4.62-82.07) 




(4.72-11.43) 


(5.24-37.7) 




(4.62-82.07) 


(5.24-37.7) 




median 


7.13 


8.49 




7.13 


8.25 




8.49 


8.25 




(95% CI) 


(5.3-9.8) 


(3.66-22.48) 




(5.3-9.8) 


(8.19-13.99) 




(3.66-22.48) 


(8.19-13.99) 




sCD30L[ng/ml] 




















serous type only 


(1 = 6 


(1 = 10 


0.2780 


(1 = 6 


n = 21 


0.3507 


n = l0 


(1 = 21 


0.7998 


mean 


7.72 


17.27 




7.72 


12.35 




17.27 


12.35 




(range) 


(4.71-11.43) 


(5.24-37.7) 




(4.71-11.43) 


(5.24-37.7) 




(5.24-37.7) 


(5.24-37.7) 




median 


7.7 


9.23 




7.7 


8.82 




9.23 


8.82 




(95% CI) 


(4.97-10.47) 


(0.57-33.97) 




(4.97-10.47) 


(8.03-16.67) 




(0.57-33.97) (8.03-16.67) 





factors. We found that patients resistant to first-line chemother- 
apy based on platinum analogs and paclitaxel had significantly 
higher levels of sCD30L (16.14 ng/ml) compared to patients 
responding to therapy (9.33 ng/ml). The difference remained, 
although statistical significance was lost due to small size of 
the subgroups, when serous tumors were analyzed (resistant 
and refractory: 16.6 ng/ml, sensitive: 9.9 ng/ml). Patients with 
complete remission had lower sCD30L levels (9.78 ng/ml) than 
those in whom disease-free survival was not observed (17.11 
ng/ml, p = 0.0127). In group A, statistical significance was lim- 
ited to serous tumors: patients with DFS had lower sCD30L 
levels (10.4 ng/ml) than patients without DFS (18.11 ng/ml, 
p = 0.0297). Patients requiring neoadjuvant chemotherapy 
due to progression of the tumor precluding radical surgery had 
significantly higher concentrations of sCD30L in serum (15.17 
ng/ml) than patients who underwent radical surgery and adju- 
vant chemotherapy (8.64 ng/ml, p = 0.115). A difference con- 
cerning radical surgery and neoadjuvant chemotherapy was 
also noted for serous tumors (16.11 ng/ml for neoadjuvant 
chemotherapy only and 7.7 ng/ml for adjuvant chemothera- 
py after radical surgery, p = 0.0297). 

Patients who survived two years had lower levels of 
sCD30L (10.33 ng/ml) than patients who died before the end 
of two-year follow-up (18.48 ng/ml), but this difference was 
not statistically significant. Our findings concerning clinico- 
pathologic factors are presented in Table 5. 



Discussion 

Reports on the patterns of membrane-bound CD30 lig- 
and and its soluble form in serum (sCD30L) in patients with 
ovarian cancer are sparse and most of them deal with the 
biological functions of CD30 [6], its associations with 
pathologies of the lymphatic [7] and gastrointestinal [8] sys- 
tems, and its role in some disorders during pregnancy [9]. 
Elevated levels of sCD30L in serum have been observed in 
viral infections, as well as in autoimmune and atopic diseases. 
The ligand is currently recognized as a marker of the 
immune response realized chiefly by Th2 cells [10, 11]. 

CD30L is a type II membrane-associated glycoprotein with 
a molecular weight of 40 kDa, expressed mainly by activat- 
ed CD4+Th cells, but also by macrophages, dendritic cells, 
B lymphocytes and exceptionally by helper CD4+CD3 CDllc 
cells [10, 12, 14]. Expression of the CD30 receptor has been 
shown on activated and helper Th cells [15]. CD30 is capable 
of activatingTNF receptor-associated factor 2 (TRAF2) [16] and 
there is evidence that the binding of CD30L to CD30 induces 
a signal which elicits the response of Thl and Th2 cells. The 
same mechanism has been imputed in pathologies related 
to these cells and observations have been published that 
cytokines released by Thl and Th2 cells participate in the 
immune response seen in patients with epithelial ovarian 
tumors. Expression of IL-12p40/IL-6 by these cells is of prog- 
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Table 5. Comparison of sCD30L concentrations in group A depending on prognostic factors 

P 

0.056 







SCD30L (all) 






[ng/ml] 


Platinum sensitive 


mean 


9.33 




median 


7.58 




range 


(6.47-37.7) 


Platinum 


mean 


16.14 


resistant/ 


median 


8.82 


refractory 


range 


(5.89-82.07) 


Neoadjuvant 


mean 


15.17 


therapy 


median 


8.93 




range 


(5.89-82.07) 


Adjuvant therapy 


mean 


8.64 




median 


6.91 




range 


(4.62-33.22) 


Disease-free 


mean 


9.78 


survival "yes" 


median 


7.04 




range 


(4.62-37.7) 


Disease-free 


mean 


17.11 


survival "no" 


median 


9.19 




range 


(6.77-82.07) 


2-year survival 


mean 


10.33 


"yes" 


median 


8.25 




range 


(4.62-37.7) 


2-year survival 


mean 


18.48 


"no" 


median 


8.8 




range 


(4.78-82.07) 



0.0115 



0.0127 



0.2157 



SCD30L (serous) 
[ng/ml] 

9.9 
8.26 

(4.72-37.7) 

16.6 
9.16 
(5.89-82.07) 

16.11 
9.16 
(5.89-82.07) 

7.7 
7.09 
(4.72-12.19) 

10.4 
47.67 
(4.72-37.7) 

18.11 
10.13 

(7.13-82.07) 

10.99 
8.93 
(4.72-37.7) 

19.04 
10.34 
(4.78-82.07) 



0.1322 



0.0307 



0.0297 



0.4496 



nostic importance in ovarian cancer [17]. Sun et ai [18] have 
shown that the CD30/CD30L signal triggered during interac- 
tions of T cells plays a key role in the differentiation of Thl7 
cells with the mediation of I L-2. It appears from the experiments 
ofjurisic etai [19] that exposure of K562 cells (erythroleukemia) 
to TNF-a elicits apoptosis through the membrane-associat- 
ed CD30 ligand. Shedding of the ligand by these cells is an ear- 
ly event, preceding cell disintegration and release of lactic dehy- 
drogenase (LDH). Interestingly, expression of CD30 and 
elevated levels of sCD30L in serum accompany malignancies 
of the immune system, such as Hodgkin's lymphoma and 
anaplastic large-cell lymphoma [10, 11]. Today, B cell lymphomas 
constitute 90% of all non-Hodgkin lymphomas (NHL). Breen 
etai [20] have recently hypothesized that elevated levels of 
sCD30L in serum reflect conditions in the immune environment 
which support the growth of NHL from B cells. The same 
authors reported markedly elevated sCD30L levels in AIDS 
patients with NHL in comparison with controls without the 
tumor. Purdue etai [7] found elevated sCD30L levels in serum 
which preceded by 6-10 years the diagnosis of NHL, concluding 
their report that protracted stimulation of B cells is responsi- 
ble for the formation of this tumor and that sCD30L is a strong 
predictor of NHL Serum concentrations of sCD30L have been 
studied in gravida [9, 21] and were found to be elevated in com- 
parison with non-gravida. No correlation was noted between 
gestation time and sCD30L level. Intrauterine growth restric- 



tion and pre-eclampsia are accompanied by lower serum 
sCD30L concentrations than in healthy gravida [9, 21]. Ges- 
tational pyelonephritis augments sCD30L concentration in 
serum regardless of the etiologic factor [21]. Sun et ai [8] demon- 
strated the implication of the CD30/CD30L signal in colorec- 
tal cancer developing from an intestinal polyp and observed 
significant differences in the levels of CD30L in patients with 
colorectal cancer or polyps and healthy controls. According to 
some researchers, diminished concentration of CD30L leads 
to a disequilibrium between cytokines from Thl and Th2 cells 
and may be directly responsible for carcinogenesis in the nor- 
mal intestinal epithelium of the polyp [8, 22]. 

Great progress has been made during recent years in the 
use of antibodies as carriers of cytotoxic drugs (antibody drug 
conjugates -ADCs) [3].AGN-35 is a monoclonal antibody which 
has already been used in CD30-positive NHL [3, 23]. Trials are 
ongoing on ADCs in Crohn's disease. A soluble murine anti- 
body against CD30L (CD30-lg) is capable of inhibiting Thl7- 
dependent cell differentiation and alleviating symptoms of 
colitis in mice. Thus, modulation of the CD30/CD30L signal 
is emerging as a new form of biological therapy in inflam- 
matory conditions of the gastrointestinal system [3]. 

So far, only one report on sCD30L in patients with ovar- 
ian cancer has been published [5]; higher concentrations of 
sCD30L were found compared with benign cystadenomas 
and teratomas of the ovary and the ligand was undetectable 
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in healthy women. Moreover, the concentration of sCD30L 
in the fluid collected from ovarian tumors significantly exceed- 
ed that in serum [5], Mielczarek-Palacz et ai [5] believe that 
the presence of sCD30L in the serum of patients with ovar- 
ian cancer may be attributed to shedding of the ligand from 
the cell membrane and that this process interferes with the 
binding of CD30L to CD30, thereby inhibiting apoptosis of 
cancer cells. 

Studies on the expression of CD30L by ovarian cancer cells 
have not been published, so we are unsure whether the 
source of sCD30L in serum is the cancer cell itself or other 
processes accompanying carcinogenesis, such as the 
immune response to the tumor. Cossu-Rocca et ai [24] found 
that sCD30L was not expressed in 100% of cases of ovari- 
an dysgerminoma and suggested that the ligand may be use- 
ful in the differential diagnosis of ovarian tumors. Hopeful- 
ly, future studies will be able to improve our understanding 
of the patterns of sCD30L in ovarian pathologies. 

Concentrations of sCD30L found by us in ovarian cancer 
patients at diagnosis (11.81 ng/ml) and at relapse (21.48 ng/ml) 
were markedly higher than those reported by Mielczarek-Palacz 
etai (5.09 ng/ml) [5], even though we used the same diagnostic 
test. In view of the fact that all factors participating in inhibi- 
tion or activation of apoptosis may in consequence support or 
suppress tumor growth, we decided to correlate serum levels 
of sCD30Lwith some prognostic factors in ovarian cancer. On 
the whole, poor prognosis in our patients was heralded by aug- 
mented levels of sCD30L Significantly higher concentrations 
of the ligand were noted in patients resistant to platinum analogs 
and necessitating neoadjuvant therapy due to progression of 
the tumor, as well as in patients without complete remission 
after first-line chemotherapy. The risk of death duringthe first 
two years after diagnosis and the risk of relapse were higher 
in patients with elevated sCD30L levels. We were unable to find 
a similar study in the literature for comparative purposes, apart 
from the work of Kusuda et ai [17], who demonstrated that 
expression of cytokine mRNA by Thl and Th2 cells is significantly 
higher in serous than other tumors without any difference 
depending on the stage and grade. Higher levels of cytokines 
were associated with a better prognosis. As expression of CD30L 
has been demonstrated in Thl, Th2, and many other cell types, 
the poor prognosis in our patients with elevated sCD30L lev- 
els in serum can be attributed to an active and abnormal 
immune response. 

A limitation of the study is certainly the small number of 
patients, as well as the short period of observation. Further 
analysis will be required inter alia after 5 years of observa- 
tion and analysis of the other groups of patients with ovar- 
ian cancer, e.g. disease in remission. On the basis of greater 
clinical material in the future it will be possible to perform 
multiple and univariate analysis. The group of patients who 
received neoadjuvant chemotherapy may seem controver- 
sial because neoadjuvant chemotherapy in ovarian cancer 
patients is not yet a standard procedure. Unpublished own 
experience and other authors suggest similar long-term 
results of treatment in patients after primary surgery and 
after neoadjuvant chemotherapy at the beginning of treat- 
ment [25,26], 



In conclusion, it appears plausible that the CD30/CD30L 
complex participates in the process of apoptosis of ovarian 
cancer cells. The sources of elevated sCD30L concentration 
in the serum of ovarian cancer patients remain unclear and 
more research is needed to resolve this issue. Maximally effec- 
tive therapies in ovarian cancer can only be achieved 
through detailed understanding of the biology of this neo- 
plasm. Our present study might initially suggest that elevated 
concentration of sCD30Lcan be an important finding prog- 
nosticating a poor prognosis and is associated with platinum 
resistant and refractory cases of ovarian cancer. However, 
studies are needed on larger groups of patients. 
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